Abstract Ethanol can inhibit ethylene and retard decay of several fruit. However, the effect of ethanol on ethylene and oxidative stress has not yet been observed in bananas. In this work, the effect of ethanol (vapor phase) on physiology and conservation of the banana cv. 'Prata' was investigated. Initially, a group of bananas was analyzed during 8 h of exposure to ethanol, and then another group of bananas was exposed to ethanol for 4 h and then analyzed during 12 days of storage. Ethanol and ethylene concentrations, respiration rate, superoxide dismutase and catalase activities, physico-chemical characteristics and fruit decay were evaluated. Ethanol reduced ethylene production and respiration rate of the banana only when it reached 4 h of exposure, and this was associated with a maximum absorption of ethanol in the fruit peel. Ethanol increased superoxide dismutase and catalase activities from fruit peel only in the first 2 h of exposure to ethanol, i.e. ethanol did not generate significant oxidative stress. During storage, ethanol inhibited ethylene production and was also able to delay fruit decay, but it was not able to influence the respiration rate, conversion of sugars, and fresh weight loss of the fruits. This study showed that ethanol vapor has an inhibitory effect on ethylene metabolism, but it has no potential to control post-harvest ripening of the banana cv. 'Prata'. On the other hand, ethanol delays decay, and this extends fruit shelf life, which is commercially advantageous.
Introduction
Banana (Musa sp.) is an important fruit marketed and consumed in the world. It has short post-harvest life due to its typical climacteric behavior. It is cold sensitive fruit and therefore its marketing chain occurs at room temperature, which helps to speed up metabolic processes of maturation, senescence and degradation. In the retail trade, or a consumer, shelf temperatures are usually above 20°C, especially in tropical and subtropical climates, as in Brazil. In such conditions, bananas may lose commercial quality and, consequently, its consumption in a few days. Thus, the application of alternative techniques that may delay banana senescence and keep its postharvest quality for a longer period should be considered. In fact, senescence and degradation of bananas has been neglected and few practical and safe techniques for extending their shelf life have been studied or applied.
Previous studies have shown that ethanol, a natural and safe food, can be an alternative technique to assist postharvest conservation of vegetables. Such studies have shown that ethanol treatments delayed broccoli senescence (Asoda et al. 2009 ) and microbiological degradation of table grape (Alef et al. 2012) , fresh-cut apple (Bai et al. 2004 ) and mango (Plotto et al. 2003) , being also able to inhibit ethylene in tomato (Saltveit and Mencarelli 1988) , broccoli (Asoda et al. 2009 ) and melon (Liu et al. 2012; Jin et al. 2013) . Ethanol was also responsible for reducing respiration rate in grapes (Alef et al. 2012) , broccoli florets (Asoda et al. 2009 ), artichoke (Wang et al. 2014) , cherries (Bai et al. 2011 ) and apples cv. Royal Gala (Weber et al. & Gilberto Costa Braga gcb1506@gmail.com 2016). Although ethanol can efficiently act in the inhibition of ethylene and respiration of many vegetables, other studies with banana showed that ethanol treatments were not able to change respiration rate (Ritenour et al. 1997) or post-harvest ripening of fruits (Bagnato et al. 2003) .
The fruit response to ethanol depends on factors such as species, cultivar and fruit maturity, also to dose and duration of exposure to ethanol (Pesis 2005; Plotto et al. 2003) . In fact, exposure time and fruit species sensitivity to ethanol are factors that can also affect oxidative stress and cause cell damage (Pesis 2005) , leading to the darkening (Jin et al. 2013 ) and development of flavor changes in the plant organ (Plotto et al. 2003) . In this sense, the plant's response to cellular oxidative stress can be evaluated by estimating the activity of endogenous antioxidant system enzymes such as superoxide dismutase and catalase (Mittler 2002) , which is a cellular mechanism that regulate levels of oxidizing radicals. The exposure of fruits to ethanol can reduce catalase activity and increase levels of mobile H 2 O 2 (Wang et al. 2015) that, consequently, can induce oxidative damage by lipidic peroxidation of membranes.
To our best knowledge, no early reports about the action of ethanol vapor on ethylene or activity of antioxidant enzymes in bananas were found. Therefore, the effects of post-harvest treatment with ethanol vapor on physiological responses, postharvest quality, degradation and senescence, and expression of antioxidant enzymes of banana cv. 'Prata' were investigated in this study. This can help to clarify if ethanol action mechanism on the banana also happens through the inhibition of ethylene, and if this can affect the quality of the fruit ripening-related, as well as banana sensitivity to oxidative damage. The aim of this study was to evaluate the effect of ethanol vapor treatment on ethylene production, respiration rate, antioxidant enzymes and post-harvest conservation of banana cv. 'Prata'.
Materials and methods

Sample of bananas
Bananas cv. 'Prata' (Musa acuminata 9 M. balbisiana, AAB) were obtained from the CEASA market, Cascavel, PR, Brazil. Homogeneous (color and size), healthy and showing green ripening (predominantly green) fruits were selected. In the laboratory, the fruits were washed with water and dried with paper towels. Then the banana bunches were fractionated (with stainless steel knife) in units of three fruits (sample unit). Each sample was weighed.
Assay 1-effect of exposure time to ethanol vapor
The samples of three bananas were placed into airtight plastic flasks (1.7 L). The ethanol vapor was formed on the jars by applying 100 lL of ethanol 99.5% (analytical grade, v/v; VETEC) on filter paper placed in the bottom of the flask (without contact with the fruits). The concentration of ethanol vapor based on sample weight of fruits (286 lL kg -1 ) was considered. The fruits were exposed to ethanol per 8 h, with sampling at intervals of 0.25 (15 min), 2, 4, 6 and 8 h at room temperature (average 24°C and 74% RH). Four observations were considered for each sampling time. A control group of flask with untreated fruit and another control group of flask without fruit but with ethanol were considered. Ethanol concentrations in the flask and fruit, ethylene production and respiration rate, and superoxide dismutase and catalase activities were evaluated.
Ethanol concentrations in the flask and fruit during 8-h ethanol exposure
To determine the concentration (lg L -1 ) in the flask without bananas, a gas sample, 1.0 mL, from the headspace flask was collected through a gastight syringe (Hamilton), which was immediately injected into a gas chromatograph (Finnigan, 9001) equipped with flame-ionization detector (FID) and Restek RT-QPlot capillary column (30 m, 0.53 mm id). The temperature of the oven, injector (splitless), detector and methanator were 80, 150, 250 and 350°C, respectively. N 2 carrier, H 2 and air flows were 30, 40 and 175 ml min -1 , respectively. For the ethanol concentrations in the banana peel and pulp (lg 100 g -1 ) (Bai et al. 2011 ), a sample, 9.0 g, of each tissue was homogenized in 9.0 g NaCl saturated solution in deionized water (1:1). The homogenate was transferred to 60 mL glass bottle sealed with Teflon-silicone septum and incubated at 50°C for 15 min. Sample headspace gas, 1.0 mL, was collected and injected into the GC, as previously described. The standard ethanol gas was done by injecting 100 lL ethanol in 1000 mL glass bottle sealed with Teflon-silicone septum. A standard curve was made by dilutions of ethanol gas (0-100 lL L -1 ), which was used to calculate ethanol concentrations of headspace samples.
Respiration rate and ethylene production of fruits during 8-h ethanol exposure
Were collected, from the headspace flasks by syringe gastight, 1.0 mL volumes for respiration rate (mg CO 2 kg -1 h -1 ) and 2.5 mL for ethylene production (lg C 2 H 4 kg -1 h -1 ). The gas volumes were injected into the gas chromatograph in accordance with the previously described conditions. Fresh samples of banana peels and pulps (1.0 g) were macerated in liquid nitrogen and then homogenized in 50 mmol L -1 potassium phosphate buffer (Na 2 PO 3 ), pH 6.8, supplemented with 200 mg polyvinylpolypyrrolidone (PVPP). The solution was centrifuged (350 r, MPW) at 1000 9 g, 4°C and 20 min, and the supernatant (crude extract) was stored in freezer (-24°C) for protein quantification and enzyme analyses.
In the SOD activity determination (ability of the enzyme to inhibit photoreduction of NBT-nitrotetrazole chloride blue) a volume, 50 lL, of crude extract was added to a solution containing 13 mmol L
NBT, 100 mmol L -1 EDTA and 2.0 mmol L -1 Riboflavin in buffer 50 mM potassium phosphate, pH 6.8. The reaction was initiated by the illumination of the tubes, in chamber with fluorescent tubes (15 W) 25°C. After 5-min incubation, was determined the end of catalysis by light interruption (Giannopolitis and Ries 1977) . The blue compound (formazan) formed by NBT photoreduction was read in spectrophotometer (Shimadzu, UV 1800) at 560 nm. Blank received the same reagents, but was kept covered with aluminum foil. One unit of SOD activity (AU) was defined as the amount of enzyme required to inhibit 50% photoreduction of the NBT, and was expressed as UA mg protein -1 min -1 . Protein concentration was determined according Bradford (1976) .
CAT activity was determined by monitoring the change of absorption of hydrogen peroxide (Pandey et al. 1999) . A volume of crude extract, 50 lL, was added to 950 lL potassium phosphate buffer 50 mmol L -1 , pH 7.0, which was supplemented with hydrogen peroxide to a final concentration of 12.5 mmol L -1 . The variation of optical absorption at 240 nm has been calculated at intervals of 60 s. The enzyme activity was calculated using molar extinction coefficient 39.4 mmol L -1 cm -1 . The CAT specific activity was expressed as lmol H 2 O 2 g -1 protein min -1 . All readings (SOD and CAT) were carried out in triplicate.
Assay 2-effect of ethanol vapor on banana shelf life Banana samples (three fruits per sample) were conditioned in 1.7 L flasks containing ethanol vapor (same conditions as previously described). The ethanol vapor exposure time was 4 h. Once treated, the bananas were removed from the flasks and conditioned in trays, and then they were stored for 12 days at room conditions. A group control of flasks with non-treated fruit was considered. Sampling was carried out in 3-days intervals. Five observations of each time interval of storage were considered. Ethylene production, respiration rate, fresh weight loss, firmness, total soluble solids, and color and decay indexes were evaluated.
Ethylene, respiration rate, fresh weight loss, firmness and total soluble solids of fruits during 12-days storage
In each sampling time, treated and control fruit were conditioned in the flasks (1.7 L; ethanol-free), and after 1 h (room conditions) the headspace gas was collected for ethylene and respiration rate evaluations in gas chromatograph, as previously described. Fresh weight loss (%) was determined by means of weighing in semi-analytical scale, where fruit initial weight and weight of each assessment period were considered. The fruit pulp firmness was measured using digital benchtop texturometer (CT3, Brookfield). The fruits were placed on flat surface and then firmness was measured in the equatorial region. A stainless-steel rod with a 8-mm diameter was used. The rod displacement speed was adjusted to 1.5 mm s -1 , with depth of 20 mm offset, and the results expressed in Newton (N). To determine total soluble solids (°Brix) a benchtop digital Refractometer (PAL-1, Atago) was used.
Fruits' color and decay during 12-days storage
The color scale of Loesecke (Castricini et al. 2015) was used to determine fruit color index (no instrumental). The scale had seven levels: (1) totally green; (2) green with yellow dashes; (3) more green than yellow; (4) more yellow than green; (5) yellow with green tip; (6) totally yellow; (7) fully yellow with brown areas. For the decay index a diagrammatic scale was used with 0.5 to 64 levels (Moraes et al. 2008) , being: 0.5-2 small dark spots; 1-2 medium dark spots; 2-2 large dark spots; 4-4 medium dark spots; 8-4 large dark spots; 16-6 medium-sized dark spots; 32-6 large dark spots; 64-75% with dark spots.
Statistical analysis
The experimental design was completely randomized. The results were submitted to analysis of variance and the means, when significant, they were compared by Tukey test (p \ 0.05). Sisvar statistical software was used (Ferreira 2011, Brazil) .
Results and discussion
Ethanol accumulation in the banana during 8-h exposure Ethanol accumulation in the fruit (peel and pulp) and ethanol vapor concentration in the flask headspace (with three bananas) were measured during 8-h exposure and the results are in the Fig. 1 . There was a strong reduction of ethanol concentration inside the flask (Fig. 1a) , especially in the first 2 h, when the 91.72 lg L -1 concentration (0.25 h) reduced to 18.47 lg L -1 (2 h) and continued decreasing until 2.53 lg L -1 (8 h), indicating that the banana cv. 'Prata' absorbed a significant amount of ethanol. The banana peel accumulated a significant amount of ethanol until reaching a maximum (124.98 lg 100 g -1 ) in 4-h ethanol exposure (Fig. 1b) , while fruit pulp showed a lower and constant ethanol concentration that was below 40.0 lg 100 g -1 (6 h). The low ethanol content found in banana pulp suggest that the peel was a barrier to ethanol diffusion. In fact, the peel may be a barrier to diffusion of ethanol into the banana pulp, as observed by Bagnato et al. (2003) when they found that ethanol could not penetrate the tissue of the banana pulp. According to Ritenour et al. (1997) , physical barriers like layers of epidermal cells and suberized tissue (peel) can reduce the ethanol diffusion into the fruit. On the other hand, low ethanol content found in the banana pulp can be related only to ethanol that naturally exists in the fruit as part of its aroma constituents . Otherwise, the amount of ethanol tested in this work may have been insufficient to penetrate the banana peel.
Ethylene and respiration of the banana during 8-h ethanol exposure
Bananas treated with ethanol vapor showed reduction of ethylene production and respiration rate, but this was found only at 4 h of ethanol exposure (Fig. 2a, b) , when the fruits had already accumulated a significant amount of ethanol in the peel (Fig. 1b) . However, both treated and control bananas showed a decreased on ethylene production during 8 h of exposure (Fig. 1a) , which probably occurred due to CO 2 and O 2 accumulation of fruit metabolism, since they were in closed flask. This may have limited the action of ethanol on inhibiting ethylene. Some concentrations of CO 2 can act as an ethylene biosynthesis regulator by ACC oxidase inhibition, i.e. as an autocatalytic regulator (Alexander and Grierson 2002) . Similarly, ethylene metabolism may be influenced by high CO 2 pressures, as low O 2 pressure, that are able to reduce ethylene synthesis by ACC oxidase inhibition, since ethylene is a secondary metabolite and is related to aerobic metabolism of plant tissues (Soliva-Fortuny and Martín-Belloso 2003).
According to previous reports, exogenous ethanol acts as an inhibitor of ethylene synthesis through the inhibition of ACC synthase and ACC oxidase activities, which are key enzymes of ethylene synthesis (Pesis 2005; Asoda et al. 2009 ). Since ethylene acts as respiration endogenous regulator (Wang et al. 2014) , so a reduction in respiration rate was also expected (Fig. 2b) . Other studies have shown that ethanol was responsible for reducing the respiration rate in melon, avocado (Ritenour et al. 1997 (Asoda et al. 2009 ) and Apple cv. Royal Gala (Weber et al. 2016) . Initially, Saltveit (1989) proposed that the inhibition of ethylene action occurred due to the permeation of ethanol into the lipid bilayer of the plasma membrane, promoting membrane and ethylene receptor rupture. Later, Asoda et al. (2009) proposed another ethanol action system on ethylene production inhibition, when they found that ethanol was able to strongly inhibit ACC synthase and ACC oxidase activity in broccoli. These authors also concluded that the mechanism of regulation of ethylene biosynthesis, through which ethanol acts, occurs at the molecular level by inhibiting the expression of specific genes encoding ethylene biosynthesis. Jin et al. (2013) also found same effect in cantaloupes treated with ethanol vapor. On the other hand, Ritenour et al. (1997) and Bagnato et al. (2003) investigated banana cv. Cavendish treated with ethanol and found no effect on the ethylene production.
Superoxide dismutase (SOD) and catalase (CAT) activities of the banana during 8-h ethanol exposure
The SOD and CAT activities of the banana peel and pulp were determined to estimate oxidative stress in the fruits in response to ethanol vapor treatment, and the results are presented in Fig. 3 . During the first 2 h of storage SOD activities of the treated banana peel (1.88 ± 0.19 and 1.87 ± 0.29 AU mg -1 min -1 protein, respectively) were significantly higher than the control fruits (1.28 ± 0.18 and 1.08 ± 0.09 UA mg protein -1 min -1 respectively for the same time) (Fig. 3a 1 ). During this period there was also a high accumulation of ethanol in the banana peel (Fig. 1b) , which suggests increased oxidative stress due to ethanol. Elevation of oxidative stress is a result of increased levels of reactive radicals such as superoxide (Gill and Tuteja 2010) . In this case, an increase in SOD activity is expected, since it is an enzyme of the primary antioxidant system that converts superoxide radical (O 2 Á-), generated due to oxidative stress, in another radical, H 2 O 2 . However, no significant differences were found in SOD activity at 4, 6 and 8 h of ethanol exposure (Fig. 3a 1 ) , i.e. ethanol was only able to induce moderate oxidative stress in fruit peel, suggesting that ethanol, at the concentration studied, does not seem to be able to cause significant oxidative stress in banana cv. 'Prata'. Chanjirakul et al. (2006) also found highest SOD activity in raspberry fruit treated with ethanol in comparison with control, corroborating with this study. Similarly, Han et al. (2006) observed that treatment with ethanol vapor in broccoli maintained higher SOD activity than in untreated inflorescences. Wang et al. (2015) also found that ethanol vapor applied in loquat induced increase in SOD activity.
CAT activity of banana peel treated with ethanol was also higher than the control in 0.25 and 2 h of ethanol exposure (Fig. 3a 2 ) , showing strong association with SOD in these periods. In fact, the superoxide radical is efficiently converted to H 2 O 2 by the action of SOD, while CAT and other peroxidases have the function of converting H 2 O 2 to O 2 and H 2 O (Mittler 2002; Gill and Tuteja 2010) . In the periods 4, 6 and 8 h of exposure to ethanol CAT activity of treated fruit peel was also lower than the control, suggesting that in these periods there was a reduction of the radical H 2 O 2 levels in the fruit peel. H 2 O 2 is a weak acid that has no unpaired electrons, making it stable molecule, compared with superoxide, hydroxyl radicals, and singlet oxygen. However, the lifetime of H 2 O 2 in living tissue is not long (\ 1 s) due CAT and peroxidases activities that decompose this substance, but its endogenous accumulation in the cell promotes oxidative stress (Demidchik 2015) . No significant differences were found in the SOD activity of the fruit pulp, with the exception of 8 h exposure to ethanol (Fig. 3b 1 ) , when treated fruits showed SOD activity (1.08 ± 0.22 AU mg protein -1 min -1 ) higher than the control (0.61 ± 0.20 AU mg protein -1 min -1 ), indicating that there was no influence of ethanol on SOD activity of fruit pulp, probably because the ethanol levels in pulp were too low (Fig. 1b) . It is likely that the banana peel has been a barrier to diffusion of ethanol in the fruit pulp.
Ethylene and respiration of the banana during 12-days stored Bananas cv. 'Prata' were treated with ethanol vapor (4 h of exposure) and then were stored for 12 days (room temperature). Ethylene production of treated bananas was significantly lower than the control during storage (Fig. 4a) , i.e. there was inhibition of ethylene production. Control fruits showed peak of ethylene production (3.0 lL C 2 H 4 kg -1 h -1 ) at 9-day storage, while in the treated fruits the maximum ethylene production was 0.7 lL C 2 H 4 kg -1 h -1 in the same period. Once the banana peel can accumulate exogenous ethanol, as shown in Fig. 1b , a possible residual effect was able to suppress production of ethylene throughout storage. Other authors also found ethylene reduction in melons (Liu et al. 2012 ) and broccoli (Asoda et al. 2009 ) stored after ethanol vapor treatment.
Bananas treated with ethanol vapor showed respiration rates similar to the control fruits during storage (Fig. 4b) . Both treated and control fruits showed an increase in respiration rate during storage and peaked at day 12 (4.79 and 3.69 mL CO 2 kg -1 h -1 , respectively). Typically, plant tissues exhibit increased respiration activity in response to ethylene presence, especially in post-harvest stage. In this sense, an apparent positive association between ethylene production (Fig. 1a) and respiration rate was shown until day 9 of storage, when the respiration rate increases of both treated and control fruit were accompanied by increases in the production of ethylene. However, there was no influence of ethylene production level between treated and control fruits on the respiration rate, indicating that the physiological action of ethylene is more related to its endogenous presence than its concentration on banana tissue. A similar result was found for Ritenour et al. (1997) , when bananas were treated with ethanol vapor (6 mL kg -1 ) for 6 h and found no reduction in the production of CO 2 . However, other authors found reduced respiration rate in broccoli (Asoda et al. 2009 ) and table grapes (Alef et al. 2012 ) after exposed to ethanol vapor.
Physico-chemicals and decay of the banana during 12-days stored
Both treated and control bananas showed non-significant differences of fresh weight loss during storage (Fig. 5a) . Regardless of treatment, the fresh fruit weight loss increased during storage, varying between 6.5% (day 3) and 22.4% (day 12). This weight loss was positively associated with increases in respiration activity (Fig. 4b) , which is result of the intensity of metabolic processes, especially conversion of sugars, which leads to water accumulation in the fruit. Since respiration was not influenced by ethanol treatment (Fig. 4b) , the metabolic maturation processes that led to the increase of fruit moisture content occurred independently of the treatment applied, which may explain the lack of ethanol effect on banana's fresh weight loss. The influence of normal metabolic processes and the low water vapor pressure of ambient air lead to fruit weight loss, as well as affect appearance and texture, and anticipate senescence (Carvalho and Lima 2002) . Maqbool et al. (2011) also found high loss of fresh weight in untreated bananas during storage. Bai et al. (2011) also did not observed weight loss difference in sweet cherry (Prunus avium) treated with ethanol. However, Bagnato et al. (2003) evaluated banana cv. Cavendish treated with ethanol by vacuum infiltration and found slightly higher weight loss in untreated fruits.
Ethanol-treated fruits showed firmness retention, ranging from 65.06 to 44.11 N during storage (Fig. 5b) , while control showed significantly lower firmness at day 12 (30.02 N). Although respiration rate was not affected by ethanol (Fig. 4b) , it is possible that the firmness retention of the treated fruit has been influenced by the lower concentration of ethylene-treated fruit. Changes in fruit firmness are generally related to the action of ethylene, which induces the synthesis and activity of enzymes involved in cell wall degradation, such as polygalacturonase, pectin methyl esterase, ß-galactosidase (Prasanna et al. 2007 ), contributing to decrease fruit firmness. Pesis (2005) reported that ethanol treatment can maintain firmness of climacteric and non-climacteric fruit species. Other authors also found firmness retention in peach, nectarine (Lurie and Pesis 1992) , avocado (Pesis et al. 1998; Ritenour et al. 1997 ) and sweet cherry (Bai et al. 2011 ) treated with ethanol. Ethanol treatments significantly influenced total soluble solids of bananas only at day 9 of storage, when treated fruits showed soluble solids (17.98°Brix) lower than the control (19.78°Brix) (Fig. 5c ), but it is likely that this difference has been influenced by sampling variability. Most sugar conversion occurred on 6 days of storage, reflecting important stage of banana ripening, which leads to hydrolysis of starch into glucose and fructose. Treated fruits showed lower color indexes than the control (Fig. 6a) . The color indexes of the treated fruits varied from 4 (more yellow than green) to 6 (totally yellow) between 3 and 9 days of storage, while control fruits had indices between 5 (yellow with green dots) and 7 (totally yellow with brown areas). The literature shows that color variations of banana peel, which occur during ripening, are directly related to respiration metabolism (Prill et al. 2012 ), but in this study respiration activity was not influenced by ethanol (Fig. 4b) . According to Silva et al. (2006) , during banana ripening the green color degradation is intense and makes visible yellow or orange carotenoid pigments. The increase of the soluble solids content and the color changes of the peel are important physiological changes of the banana.
The treatment with ethanol was able to reduce fruit decay (Fig. 6b) , i.e. 3 days after storage treated fruits presented decay index lower than the control until 12 days, when treated fruits showed decay index 26, while in the control it was 43. The metabolic degradation processes during banana ripening, as conversion of sugars, changes in firmness and peel degreening lead to cellular exhaustion and senescence. Invariably, this entire process also leads to cell to decrease your resistance to pathogens, which accelerates senescence and promote spots on the fruit peel. Ethanol probably acted as inhibitor of pathogens and, consequently, was able to reduce browning in the banana peel and delay senescence. Although ethanol has not caused influence on respiration activity, it is important to consider that the ethylene reduction of treated fruits (Fig. 4a ) also contributed to reduce decay. Other authors also found that ethanol was able to retard rot incidence in several fruits, like peaches and table grapes (Romanazzi et al. 2007 ).
Conclusion
Ethanol vapor reduced ethylene production of banana cv. 'Prata', but did not influence its respiration activity during storage. Ethanol increased the SOD and CAT activities of the banana, but this happened only up to 2 h of storage and did not reflect harmful oxidative stress on the fruit. Ethanol retained firmness and green color, and delayed fruit decay. This study showed that ethanol vapor has an inhibitory effect on ethylene metabolism, but has no potential to control post-harvest ripening of the banana. On the other hand, ethanol delays decay, and this extends fruit shelf life, which is commercially advantageous. Color index: 1-totally green; 2-green with yellow dashes; 3-more green than yellow; 4-more yellow than green; 5-yellow with green tip; 6-totally yellow; 7-fully yellow with brown areas. Decay index: 0.5 (2 dark spots small); 1 (2 dark spots medium); 2 (2 dark spots); 4 (4 dark spots medium); 8 (4 dark spots); 16 (6 medium-sized dark spots); 32 (6 large dark spots); 64 (75% dark spots)
